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Tunneling and enhanced magnetoresistance in Nd  ,3Sr1;3MnO3 thin films
with microcracks
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We found that microcracks in thin NdSr;;sMnO; films create a series of intrinsic break junctions
which are ideal for investigating tunneling phenomena in this system. A comparison of films with
and without cracks, which have similar ferromagnetic Curie temperaiyeof 140-150 K, shows

that the cracked film has a lower insulator to metal transition temperaf87 K vs 140 K, three
orders of magnitude higher resistivity @t,, and two times larger magnetoresistantd & near

Tm. At T>T,, we observed that IpaT ~** in the uncracked film while in the cracked film a

In paT Y2 dependence was found. This indicates that the conductivity in the first case is due to
variable range hopping in three dimension, while in the second case it is dominated by thermally
activated tunneling across the insulating barrighhe microcracks © 1998 American Institute of
Physics[S0003-695(98)02129-9

Rare earth manganite perovskites of the typemeasured down to 20 K. Magnetoresistance measurements at
Ln;_ A,MNnO; (Ln=rare earth ion, A~Ca, Sr, Ba, or Pb  different temperatures were carried out in a magnetic field up
are gaining much attention due to their giant magnetoresigo 1.5 T.
tance (MR).1® Insulator-metal  transiton  and X-ray diffraction of the films showed only00(2n)]
paramagnetic—ferromagnetic transition can be obtained ipeaks withc-axis parameter of 7.56 Acracked film and
the antiferromagnetic insulator LnMny partial substitu-  7.64 A (uncracked filny, both smaller than the lattice param-
tion of the trivalent rare earth ions by the divalent ions,eter of bulk NSMO ¢=7.72 A). The full width at half
which induces mobile charge carriérdFor applications de- maximum (FWHM) of the rocking curve of thé004) peak
veloping of junctions from these materials with high MR at of the films was found in the range of 0.095°-0.12°, con-
high temperatures and low fields is the challenge. At temfirming the good crystallinity. The pseudocubic lattice pa-
peratures much lower than the insulator—metal transitiomameter of bulk NSMO is smaller than that of the STO sub-
temperature Ty), single crystals and epitaxial thin films strate and their lattice mismatch is about 1.2%. This leads to
exhibit low MR, while polycrystalline samples show high a tensile stress in tha-b plane and compressional strain
resistivity and high MR. This effect is attributed to the spin along thec axis of the film. Thec-axis contraction in the
polarized tunneling across the grain boundati@Recently, present NSMO film is similar to that observed in the case of
it has been shown that tunneling through artificial grainLag7Ca MnO; (LCMO) films on STO
boundary or insulating barrie® induces a significant MR Viewing the film in an optical microscope under back
effect at low temperatures and low fields. In this letter weside illumination reveals orthogonal microcracks in some of
study the zero field transport properties and magnetoresi¢he NSMO films. In Fig. 1, an AFM image of such a film is
tance in Ng;3Sr;sMnO5; (NSMO) films and compare the
transport properties of the films with and without microc-
racks.

NSMO thin films were grown o100 SrTiO; (STO
substrates by pulsed laser depositi@h.D) at 700 °C block
temperature in 200 mTorr oxygen pressure using a well sin-
tered target. We used a KrF excimer lase=(248 nm) at 5
Hz that produced=2 J/cnf pulse energy density on the tar-
get. After deposition the films were cooled to 450 °C in 500
Torr oxygen, annealed at this temperature for 30 min, and
then cooled to room temperature. The structure of the as
deposited film was examined by x-ray diffraction measure-
ments, the surface morphology was probed by an atomic
force microscopdAFM), and the electrical resistivity was

dpresent address: Max-Planck-Institirt likrostrukturphysik, Weinberg 2, 0 2 4 um
D-06120, Hall¢Saal¢, Germany; electronic mail:
satya@mpi-halle.mpg.de FIG. 1. An AFM image of a NSMO film with orthogonal microcracks.
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FIG. 2. (a) Resistivity as a function of temperature of crack&EMOY), 1 L ] )
crack free(NSMO2), and oxygen deficientNSMO3J) thin films. (b) Nor- 0.06 0.07 0.08 0.09

malized resistivity p/py,) as a function of reduced temperatuii@ Ty) for
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FIG. 3. (a) Plot of p vs T~ ¥4 of the oxygen deficient filiNSMO3). (b) In p
shown. The orthogonal microcracks are a few micror-m;‘.t(_:.,-gers_usT_’1’2 of NSMO_l. The symbols represent the experimental data and
. . the line is the theoretical fit.

apart and in the uncracked regions the root mean square
(rms) surface roughness is less than 2 nm. In the uncracked
films the rms roughness is largér4 nm). Higher smooth- ditions as before but without the annealing step at 450 °C. As
ness can be one of the reasons for cracking. seen in Fig. 2a) p (NSMO3J) hasntc down to 50 K but the

In Fig. 2(a), we show three plots op versusT, of a  resistivity of NSMOL1 in itsntc regime was much larger
cracked film(NSMO1J), an uncracked fil{NSMO2 and an  than that of NSMO3. At 100 K the ratio between the resis-
oxygen deficient flm(NSMO3. NSMOL1 shows a peak re- tivities of these two samples is about two orders of magni-
sistivity of 1.4 K) cm at itsT,, of 97 K. ForT>T,, a nega- tude. The temperature dependence of the resistivity of
tive temperature coefficientnfc) of the resistivity is ob- NSMO3 obeys Mott's variable range hoppitgRH) law
served, while folT <T,, a positive temperature coefficient of p=p exp(T,/T)** over a temperature range of 200 K with
the resistivity ptc) is found with pg7 «/p20c>20. NSMO2  T,=5Xx10’ K [see Fig. 8)]. The behavior of NSMO2 in its
shows a much higher insulator to metal transition temperantc regime is very similar to that of NSMO@with similar
ture (140 K) with about three orders of magnitude lower T,) but here thentc regime is narrower because of the onset
peak resistivity(3.5Q cm) andpq40 k/ p2o k Of 3.5. However, of the magnetic transitiofisee Fig. 2a)]. In a systematic
magnetization measurements showed that saturation wasudy of the well oxygenated La,_,Y,CaMnO; systent®
reached around 140-150 K for both NSMO1 and NSMOZ2it was shown thafT, increases monotonously ds, de-
indicating that ferromagnetic Curie temperatufe)(of both  crease. If one plots I, vs Ty, for the data of Ref. 13, our
types of films are virtually the same. This suggest that thepair of values ofT, and Ty, falls on this curve within the
higher resistivity of NSMOL1 at all temperatures and the low-scattering of their data confirming the reliability of our data
ering of itsT,, is due to the microcracks. as due to VRH in NSMO2. A completely different behavior

Generally, oxygen vacancies in these manganites causd p(T) was found for NSMO1, namely Ip showed a linear
an increase in the resistivity and a decreas@pf'? It was  variation as a function of ~*? [see Fig. 8)]. This kind of
therefore interesting to compare the temperature dependencenductivity is generally observed in the dielectric regime of
of the resistivity of NSMOL1 with that of an uncracked, oxy- granular metal films. The metallic islands are separated by
gen deficient film with the same cation composition. Such a@nsulating barriers and the conductivity in these films is due
film (NSMO3) was prepared using the same deposition conto thermally activated tunneling across the insulating barriers
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Tezukal® Further a tunneling type resistivity and enhanced
magnetoresistance in Co—Al-O granular films has been
observed® The microcracks in the NSMO films acts like
tunnel barriers and therefore these films exhibit a tunneling
type resistivity and the enhanced magnetoresistance may be
attributed to the spin polarized tunneling.

The mechanism of microcracks formation in the NSMO
thin films is still an open question. Rare earth manganites are
known to show a sudden change in volume near their
insulator—metal transition temperatdfeAlso, the NSMO
films on STO are under tensile stréé$robably because of
these two factors some of the films develop microcracks
mostly during the low temperature cycling. Further experi-
mental study is required to understand the mechanism of
microcrack formation.

In conclusion, we found that transport in thin NSMO
films with microcracks occurs via a thermally activated tun-
neling process where the microcracks act as the insulating
tunnel barriers. We also observed enhanced magnetoresis-
tance neaiTy,, which demonstrates the high sensitivity of
the MR to the local defects in this tunneling junction system.

This work was supported in part by the Israel Science
Foundation, the Heinrich Minerva Center for High Tempera-
300 PR IS S N SR N S — ture Superconductivity, and the Fund for the Promotion of

-5 -0 05 00 0.5 1.0 L5 Research in the Technion.

H(T
( ) !R. Von Helmolt, J. Wecker, B. Holzapfel, L. Schultz, and K. Samwer,

FIG. 4. Magnetoresistance as a function of magnetic field in NSN#D1 Phys. Rev. Lett71, 2331(1993.
and NSMO2(b). 2K. Chahara, T. Ohno, M. Kasai, and Y. Kozono, Appl. Phys. L&8,
1990(1993.
3S. Jin, T. H. Tiefel, M. McCormack, R. A. Fastnacht, R. Ramesh, and L.

. . _ . . H. Chen, Scienc64, 413(1994.
2 4
which yields the IrpaT behavior!* Our observation of 4G. H. Jonker and J. H. Van Santen, Physiaesterdam 19, 120(1953.

this behavior in NSMO1 suggests that microcracks in theSE. 0. wollan and W. C. Koehler, Phys. ReM00, 545 (1955.

films behave as the insulating barriers and govern the trans2P. SChiff?f, A-E,P- Ramirez, W. Bao, and S.-W. Cheong, Phys. Rev. Lett.
: ) 75, 3336(1995.

port properties Qf the film. . "H. Y. Hwang, S-W. Cheong, N. P. Ong, and B. Batlogg, Phys. Rev. Lett.

Magnetoresistance measurements at different tempera—-7 2041(1996.
tures were carried out on NSMO1 and NSMO2 up to a field®A. Gupta, G. Q. Gong, Gang Xiao, P. R. Duncombe, P. Lecoeur, P.
of 1.5 T and the results are shown in Fig$a)4and 4b), Trouilloud, Y. Y. Wang, V. P. Dravid,_ and J. Z. Sun, Phys. Revs58
respectively. In NSMO1 the MR is more than 65% at 1.5 T ifzfl(lffza‘iéé\g?') Li, A. Gupta, G. Xiao, and G. Q. Gong, Appl. Phys.
and more than 50%td T with a sharp decrease in resistance ¢y, p. Mathur, G. Burnell, S. P. Isaac, T. J. Jackson, B.-S. Teo, J. L.
with increasing field neaily,. In contrast, NSMO2 shows  MacManus-Driscoll, L. F. Cohen, J. E. Evetts, and M. G. Blamire, Nature
only a 25% change in resistance ndgj at 1.5 T. Earlier mSLOZ”dg”) 38v7\} 2366531??7)5 o R D e L KrusinElbaum. R. A

. . . . . . . 4. Sun, . J. Gallegnher, P. R. Duncombe, L. Krusin- aum, R. A.
studies show that in the case of epitaxial mgnge_tmtel films, Altman, A. Gupta, Yu Lu, G. Q. Gong, and G. Xiao, Appl. Phys. L6f,

Tw and T, are almost the same and the MR is high in the 3266(1996.
vicinity of the transition temperature and low &&<T,. 1T, Y. Koo, S. H. Park, K.-B. Lee, and Y. H. Jeong, Appl. Phys. L&,
Even though the cracked film NSMO1 haJ aof 140-150 ,,977(1997. .
K bserved a maximum MR at 90 (GearTy,). On the K. M. Satyalakshmi, S. S. Manoharan, M. S. Hegde, V. Prasad, and S. V.

,we o - M/- Subramanyam, J. Appl. Phy28, 6861(1995.
other hand NSMO2 showed a maximum MR at 140&@ 133 Fontcuberta, B. Martinez, A. Seffar, S. Pinol, J. L. Garcia-Munoz, and
Te~Tw)- X. Obradors, Phys. Rev. Leff6, 1122(1996.

. . . . 14 .

In polycrystalllne manganite films and magnetic tunnel B. Abeles, P. Sheng, M. D. Coutts, and Y. Arie, Adv. Phgd, 407
junctions, high MR at Iow temperatures has_ been observed asr \jivazaki and N. Tezuka, J. Magn. Magn. Mat@89, 231 (1995.
compared to that of epitaxial films and single crystafs. 15H. Fujimori, S. Mitani, and S. Ohnuma, J. Magn. Magn. Mafes6, 311
This effect has been explained on the basis of spin polarizeld7(1996-

; ; ; M. R. Ibarra, P. A. Algarabel, C. Marquina, J. Blasco, and J. Garcia, Phys.
tunneling across the grain boundaries. An enhanced MR atReV_ Lett. 75, 3541 (1995,

room temperature due to the spin polarized tunneling insy sy yki H. Y. Hwang, S. W. Cheong, and R. B. van Dover, Appl. Phys.
Fe/AlLO,/Fe junctions has been reported by Miyazaki and Lett. 71, 140(1997.




